DEPARTMENT OF THE ARMY

U.S. ARMY CORPS OF ENGINEERS

CECW-ED

Manual
No. 1110-2-2105

Washington, DC 20314-1000

EM 1110-2-2105

31 March 1993

Engineering and Design
DESIGN OF HYDRAULIC STEEL
STRUCTURES

Subject Paragraph

Chapter 1

Introduction

Purpose . ........ ... ... .. .. ... 1-1

Applicability . .................. 1-2

References. ... ................ 1-3

Background. . . ................. 1-4

Commentary on Paragraph 1-4,
Background . ................. 1-5

Chapter 2

General Considerations

Limit States . .................. 2-1

Corrosion . .. ... . 2-2

Dynamic Loading .. ............. 2-3

Inspection and Maintenance . . ... .. 2-4

Deviations from Prescribed
Design...................... 2-5

Commentary on Paragraph 2-2,

Corrosion . .. ... . 2-6

Commentary on Paragraph 2-3, Dynamic

Loading ...................... 2-7
Chapter 3

Load and Resistance Factor Design
General. .. .................... 3-1
DesignBasis. .. ................ 3-2
Strength Requirements. ... ....... 3-3
Reliability Factors for HSS. . . ... ... 3-4
Serviceability Requirements. . . ... .. 3-5
Fatigue and Fracture Control. . . .. .. 3-6

Commentary on Paragraph 3-2, Design
Basis . ...... ... ..

Table of Contents

Page

1-1
1-1
1-1
1-1

1-1

2-1

2-1
2-1
2-1

2-1

2-1

2-2

3-1
3-1
3-1
3-1
3-2

3-2

Subject Paragraph

Commentary on Paragraph 3-4,
Reliability Factors for HSS . .. .. .. 3-8
Commentary on Paragraph 3-6, Fatigue

and Fracture Control. . . ......... 3-9
Chapter 4
Allowable Stress Design
General. .. .................... 4-1
DesignBasis. .. ................ 4-2
Load and Stress Requirements. . . . . 4-3
HSS Types: Maodifications for

Allowable Stresses. .. .......... 4-4
Serviceability Requirements. . . ... .. 4-5
Fatigue and Fracture Control. . . .. .. 4-6

Commentary on Paragraph 4-3, Load and
Stress Requirements. . ... ....... 4-7

Commentary on Paragraph 4-4, HSS Types:

Modifications for Allowable

Stresses. . . ... 4-8
Chapter 5
Connections and Details
General. . ......... . ... . . . ... 5-1
Design Considerations. . .. ........ 5-2
Bolted Connections. . ............ 5-3
Welded Connections. . . .......... 5-4

Commentary on Paragraph 5-1,
General ..................... 5-5

Commentary on Paragraph 5-2,
Design Considerations . .. .......

Page

3-2

3-3

4-1
4-1

4-1

4-1

4-2

4-2

5-1
5-1

5-1

5-1

5-2



EM 1110-2-2105
Change 1

31 May 94

Subject Paragraph

Commentary on Paragraph 5-3, Bolted
Connections.. . . ...............
Commentary on Paragraph 5-4, Welded
Connections. . . ...............

5-7

Appendix A
References

Appendix B
Load and Resistance Factor Design
Criteria for Miter Gates

Appendix C
Tainter Gates

Appendix D
Tainter Valves

Page

5-2

5-2

Appendix E
Bulkheads and Stoplogs

Appendix F
Vertical Lift Gates (Lock and Crest)

Appendix G
Hydroelectric and Pumping Plants

* Appendix H
Flood Closure Structures

Appendix |
Miscellaneous Hydraulic Steel Structures



Figure

B-1. Point load impact for miter
gategirders. . .. ....... .. ... ..

B-2. Assumptions for intercostal

end connections. . . .. ...........
B-3. Nomenclature and assumed load

area for intercostal design. . ... ...
B-4. Vertical cross section for

example mitergate . . . ..........
B-5. Example miter gate loading . . ... ..

List of Figures

Page

B-5

B-6

B-8
B-9

Figure
B-6.

B-7.
B-8.

B-9.

B-10.

EM 1110-2-2105

31 Mar 93
Page

Nomenclature for skin plate
design. ....... .. ... ..o B-11
Sample intercostal section. . ........ B-12
Girder hydrostatic loading and
reactions. . ..................... B-14
Sample girder cross section. . .. .. ... B-14
Example miter leaf torsion loads. . . . .. B-19



